Using a monoclonal antibody (SGlOA6) raised against secretion granule membranes of the rat parotid gland, we have identifed an antigen that is a common component of both exocrine pancreatic and patotid granule membranes. SGlOA6 (an IgM) immunoprecipitates antigen that migrates as a single band (MI "80 KD unreduced; Mr "100 KD reduced) and immunoblots at least two polypeptides that are similar to the reduced and nonreduced immunoprecipitated antigen.
Introduction
Among vesicular carriers that shuttle proteins to the cell surface, secretory granules are unique in that they concentrate and store secretory proteins and undergo discharge primarily in a stimulusregulated fashion. As these activities are shared by secretory granules from different cell types, they may be mediated in part by proteins that are common (or very similar) components of the different types of granule membranes. In beginning to identify and analyze such proteins, we have raised a panel of monoclonal antibodies (MAb) to purified secretory granule membranes from rat parotid tissue and have screened them on membranes from other sources (8,18). In this report we described a protein that is a common component of parotid and exocrine pancreatic granule membranes identified by one of these MAb. Thisgranule-associated membraneprotein has an apparent Mr of "100 KD in reduced form and has been named GRAMP 100. Examination of its distribution by im- munochemical and immunocytochemical means distinguishes GRAMP 100 from other granule membrane proteins, including glycoproteins, that have been characterized previously (1,4,8,15,18, 22,32). Thus far, none of the exocrine granule membrane proteins are localized exclusively to granules, and each protein has a distinct distribution among other organelles, emphasizing the interrelationships of the apical, exocytotic, and endocytotic membranes involved in the secretory process.
Materials and Methods
Antibody Production. Monoclonal antibodies (MAb) were prepared against purified rat parotid secretory granule membranes that had been washed with 0.1 M Na2COj to remove extrinsic proteins (8). The hybridoma SGlOA6 was selected on the basis of the strong reaction of its immunoglobulin with rat pancreatic zymogen granule membranes by ELISA. Glls were cloned by two rounds of limiting dilution and secreted antibody was isotyped as an IgM. All immunochemical and immunocytochemical studies were performed with culture supernatant from the clones, either as collected or after concentration with a Centricon device with a 30,000 MW cut-off (Amicon; Beverly, MA).
SubcelIular
Fractionation. Pancreatic and parotid secretion granules were purified on iso-osmotic Percoll gradients (30). lysed [with NaHCO3INaCI for pancreatic granules (21) or hypotonic NaHCO3/EDT4 for parotid gran-ulcs (13) ], and subfractionated to obtain membranes (11) . Purified mcmbrants were treated with 0.1 M NazCO3. pH 11.5 (14) . to remove extrinsic membrane and residual content proteins. Other organelle fractions from rat tissues that were used to examine antigen distribution included parotid and pancreatic plasma membranes (2). pancreatic rough microsomes (28). pancreatic mitochondria (12) . and liver Golgi (7). Total membrane fractions were prepared from adrenal, pituitary, parotid, and submandibular glands and from liver and brain by centrifugation of post-nuclear supernatants (prepared from homogcnatcs in 0.25 M sucrose) for 1 hr at 140,000 x gav. The membranes were washed by re-suspension in 50 mM NaHCO3 and recentrifugation under the same conditions. Proteinase inhibitors antipain, aprotinin, EDTA, leupeptin. pepstatin, and phenylmethanc sulfonyl fluoride were used during purification of all membranes for antigen characterization.
Immunoprecipitation and Immunoblotting. For immunoprecipitation, zymogen granule membranes were iodinated with [ I2'I]-Na and chloramine T and were separated from unincorporated radioactivity by gel filtration (11) . Labeled membranes were solubilized in RIPA buffer [1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS, 10 mM Tris (pH 7.4), 150 mM NaCI. 5 mM EDTA (9)] and incubated overnight with SGlOA6 ( z l pg per sample) at 4'C. Immune complexes were adsorbed to formaldehyde-fixed Stupbylococcus uureus that had been prc-coated with 6-7 pg rabbit antimouse IgG (Jackson Immunochemicals; West Grove, PA). Adsorbed complexes were washed three times with RIPA buffer, once with PBS, solubilized with gel sample buffer (3% SDS, 0.125 M Tris, pH 6.8, 10% glycerol), and reduced with 50-100 mM DTT before electrophoresis on 10% polyacrylamide gels (17).
Immunoblotting of non-radioactive samples whose protein content had been assayed (19) was conducted after SDS-PAGE on 10% gels and electrotransfcr (4 hr. electric field = 5 Vlcm) to nitrocellulose (29). After
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prc-incubation in 1.5% hemoglobin in PBS (blocking solution). the blot was incubated overnight at 4°C with SGlOA6 (culture supernatant. approximately 0.2-0.5 pglml), washed. incubated 1.5-2 hr in rabbit anti-mouse IgG (2.4 vglml). washed. and incubated in ['2'I]-goat anti-rabbit IgG (>1 x IO6 cpm per blot). All antibody dilutions and washes were performed in blocking solution, and after primary antibody treatment all steps were carried out at room temperature, Immunocytochemistry. Immunocytochemistry was performed on rat tissues that were fixed by transcardial perfusion with either: 2% formaldehyde in 0.1 M sodium phosphate; 3% formaldehyde, 0.2% glutaraldehyde in 0.1 M sodium phosphate, pH 7.4; or periodate-lysinc-paraformaldehydc fixative (PLP), (20) followed by immersion in the same fixative (2 hr, room temperature). For immunofluorescence, fixed tissues wcrc infiltrated in succession with 12, 15. and 18% sucrose in 0.1 M phosphate. pH i.4. frozen in liquid N2. and cryosectioncd at -25'C with a Rcichcrt-Jung 2800 cryomicrotomc (for 4-5-pm sections) or a Porter-Bloom MT-2 microtome equipped with a freezing attachment (for I-pm sections). The sections were blocked with 0.2% BSA in 0.1% Triton X-100 in TBS (10 mM Tris. 150 mM NaCI, pH 7.5) and incubated in succession with SGlOA6 culture supcmarant supplemented with 0.1% Triton X-100 and additional salts (10 mM Tris. 150 mM NaCI). 0.2% BSA-TBS wash solution, and rhodamincconjugated rabbit anti-mouse IgG. Alternatively, sections were blocked in 1 6 1 normal goat serum (NGS) and incubated in concentrated culture supernatant (SGIOA6. SG4GlI) or purified antibody diluted in 16% NGS (SG7C12). followed by washing in TBS and staining with rhodamineconjugated rabbit anti-mouse IgG diluted in 16% NGS. For SGlOA6. rhodamine-conjugated rabbit anti-p heavy chain antibody gave the same distribution as using the rhodamine-conjugated anti-IgG (heavy and light chains). Sections were mounted in 90% glyccrol-lO% TBS and viewed and photographed under differential interference contrast optics and epifluoresblot 
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cence with a Lcitz microscope. Primary antibody was omitted in samples that were used as negative controls. For electron microscopic immunocytochemistry, tissues were fixed as above. and in the case of PLP fixation a subsequent I-hr treatment with 0.1% tannic acid was used before further processing (5). In all cases. tissues were dehydrated in acetone and embedded in LR Gold resin (Polysciences;
Warrington. PA) (6). Sections mounted on nickel grids were used for immunostaining and successively were quenched with 1 M NH4CI and blocked with TBS containing 10% normal goat serum (NGS), each for 30 min at room temperature. SGlOA6 antibody from concentrated (ten-fold) culture supernatant was diluted in TBS containing 1% NGS, 0.05% Tween 20, and 1% ovalbumin (TBS+NGSTO) and was used to stain sections for 1 hr at room temperature. Subsequently, the sections were washed. incubated in 0.1 pglml secondary antibody (rabbit anti-mouse IgG) (Jackson Im-munochemical~) for 1 hr at room temperature, and washed. TBS +NGSTO was used in each of these steps. Finally, sections were incubated in tertiary goat anti-rabbit IgG conjugated to IO-nm colloidal gold (EY Laboratories; San Matco, CA) diluted 1:>0 in TBS. The labeled sectionswere then processed for electron microscopy as described (6). For controls, staining with pri-mary antibody was omitted and grids were incubated in TBS+NGSTO instead.
Results
Immunochemical Characterization of GRAMP 100
Highly purified organelle fractions were used to characterize the antigen recognized by the SGlOA6 antibody. Immunoprecipitation from radioiodinated pancreatic zymogen granule membranes yielded a single band as visualized on autoradiographs after SDS-PAGE. The mobility of the band corresponded to an apparent Mr of 80 KD or 100 KD, depending on whether the sample was not reduced or reduced, respectively, before electrophoresis (Figure 1) . The decreased mobility with reduction may reflect a larger effect of unfolding on polypeptide size than on charge density (resulting from increased SDS binding). As the best correlation between elec- trophoretic mobility and apparent Mr typically is obtained for reduced samples, we have identified the antigen as agmnule associated membraneprotein of 100 K D or GRAMP 100. We strongly suspect that GRAMP 100 is an integral membrane protein because it is not extracted from membranes by 0.1 M Na2C03 (14) , which was used in preparing both the original antigen for immunization and the membranes used for antigen characterization.
Examination of antigen in organelle fractions by immunoblotting is also shown in Figure 1 . In samples having higher antigen concentrations. GRAMP 100 runs as a doublet (or even triplet) of bands of Mr <loo KD; at present we do not know whether the additional bands reflect re-oxidation, limited proteolysis, differential glycosylation, or some other concentration-dependent effect on mobility. GRAMP 100 is prominent in exocrine granule membrane and plasma membrane fractions when examined at comparable protein concentrations. Notably, parotid secretion granule membranes contain about the same amount of antigen as pancreatic zymogen granule membranes. GRAMP 100 is detected at very low levels in a pancreatic mitochondrial fraction, probably reflecting the level of granule contamination of this fraction, and the level found in a pancreatic rough microsomal fraction could represent either contamination or antigen biosynthesis. No antigen was detected in a rat liver Golgi fraction (Figure 1 ). Total membrane fractions from several different rat tissues were surveyed (at equal amounts of total protein) for the presence of GRAMP 100 by Western blotting. As compared with parotid, in which antigen was easily detected, the levels of GRAMP 100 in submandibular, pituitary, and liver were very low (estimated 2-4% the parotid level), while antigen was not detected in adrenal and brain (data not shown).
Immunocytochemical Localization of GRAMP 100
The distribution of GRAMP 100 within pancreatic acinar cells, as observed by indirect immunofluorescence, is shown in Figure 2 . Most of the immunostaining was concentrated over the apical LAURIE, MIXON, CASTLE granule-rich cytoplasm. Nuclei were unstained and the basal cytoplasm contained a low level of staining that was occasionally punctate and mostly on the basolateral cell membrane. The antigen distribution in parotid was similar CO that in the pancreas (Figures 3a and 3b) ; however, for unknown reasons the staining was much less uniform throughout the acinar cell population. In submandibular secretory cells (Figures 3c and 3d) , there was extremely weak staining in the cytoplasm (mostly apical), in keeping with the low level of antigen detected by Western blotting of total membranes (described above). Notably, the low level of basolateral surface staining in both pancreatic and parotid acinar cells varied with fixation, being almost undetectable after PLP fixation (Figure 3 ) but more noticeable with glutaraldehyde or formaldehyde fixation (Figures 2 and 6 ). Periodate oxidation may alter slightly nonspecific or specific epitopes involving oligosaccharides.
The results obtained from immunocytochemical staining with SGlOA6 at the EM level are shown in Figures 4-6. We selected pancreas for these studies because its immunofluorescent staining was most intense and uniform among the tissues we examined. The image of exocytosis shown in Figure 4 indicates very clearly that GRAMP 100 was found at comparable levels on zymogen granule and apical plasma membranes. Labeling was substantially lower on surrounding granules having fully condensed content and cut in either grazing section (right side of figure) or full profile. This observation suggests that the epitope of GRAMP 100 is partially obscured in zymogen granules during storage. Immunostaining observed over the apical luminal space was mostly associated with microvilli, although a very low level of sloughing of antigen from the membrane or nonspecific staining cannot be ruled out. The near absence of GRAMP 100 in luminal content clearly contrasts with the distribution of the slightly smaller glycoprotein GP-2 which. in addition to being present on granule and apical plasma membranes, is easily detected in discharged secretion (4.16.26). Figure Sa shows that mature granules throughout the stored population were characteristically labeled at low levels on their limiting membranes. Some of the labeling observed over the cytoplasm immediately adjacent to the granule membrane may be associated with peri-granular vesicles that contain another granule-associated membrane protein (GRAMP 92); however, unlike GRAMP 92 (18). GRAMP 100 did not appear to be concentrated in these structures. Labeling over granule content was not above background. As shown in Figure 5 b, Golgi-associated condensing vacuole membranes ex-nuclei, mitochondria. and basally located rough endoplasmic reticulum was uniformly very low and was comparable to that obtained in controls lacking primary antibody. This suggests that nonspecific background was negligible.
The Distribution of GRAMP 100 in Acinar Cells Dzfers from That of GRAMP 92 and 3oK SCAMPS hibited substantially more labeling than granule membranes, suggesting that the GRAMP 100 epitope may become increasingly obscured during granule maturation. In the Golgi region shown in Figure Sb , labeling was also observed over structures that were similar in appearance to previously characterized elements of the endocytotic pathway (24). These same structures are a major site of localization of GRAMP 92 (18). Staining along the basolateral membrane (either at the surface or in closely associated vesicles) is shown in Figure 6 . In all EM immunolocalization studies, staining over
We have been characterizing monoclonal antibodies that recognize three different granule-associated membrane proteins that are common components of parotid and pancreatic secretion granules. None of the antigens is localized solely to granule membranes (8,18; and the present study). Each of the antigens has a distinct distribution, as analyzed in cell fractions and by immunocytochemistry. The (Figures 7a and 7b) prominently marked granules and the apical plasma membrane, and outlined the basolateral membrane. SCAMPs (Figures 7c and 7d) were concentrated in the apical, granule-rich cytoplasm and were not detected appreciably on the plasma membrane or in the basolateral cytoplasm. GRAMP 92 (Figures 7e and 7f ) marked the apical cytoplasm including granules; it was not found in the apical plasma membrane, but was heavily concentrated on peri-granular and basolateral elements that may be part of the endosomal pathway (3.23).
Discussion
Earlier studies from our laboratory have indicated that secretion granules from different tissues share common membrane polypeptides (10, Il) . Using parotid granule membranes as an antigen for raising MAb, we have been able to focus on components that are distinct from pancreatic GP-2 and have identified three different polypeptides that are present in both parotid and pancreatic secre-tion granules. The MAb SGlOA6 used in the present study has identified GRAMP 100. Although the distribution of GRAMP 100 in pancreatic acinar cells somewhat resembles that of GP-2, we have been able to distinguish GRAMP 100 from GP-2 on the basis of its larger size, its absence in pancreatic secretion, and its comparable level in pancreatic and parotid granule membranes (Figure 1) .
GRAMP 100 can be distinguished from GRAMP 92 in exocrine acinar cells by its distribution on the plasma membrane in both parotid and pancreatic cells and its relatively low incidence on perigranular vesicles and basolateral elements of the endocytotic pathway. Of the acinar cell proteins that have been studied previously, the distribution of GRAMP 100 resembles most that of gamma glutamyl transferase (GGT) which is found on granule and apical plasma membranes (1) and at low levels on epithelial basolateral surfaces (25,27). The relative levels of the latter proteins differ; GRAMP 100 is found at similar levels in the granules and on the apical cell surface by immunoblotting, whereas GGT is more highly concentrated on the cell surface than on the granules (1).
In our efforts to study membrane proteins that are common components of different types of secretion granules, two general observations can be made. First, no membrane protein found in the secretory granules is unique to granules. Second, the distribution of each granule membrane protein among cell organelles differs from that of the others. Together, these features raise the question whether the exocrine granule membrane qualifies as a bona fide residence for a specific subset of proteins. Certainly, common sorting signals are not expected among the set of proteins that have been studied to date (4,8,18,22,31). The secretory granule membrane is one of a number of shuttles that operate between the cell surface and intracellular compartments. The special properties that are attributed to granules (e.g., packaging of content proteins and stimulus-regulated and polarized secretion) may not reflect the presence of granule-specific proteins. Rather, they may stem from a unique compositional overlap of components that primarily reside in other organelles (e.g., the trans-Golgi network, the endosomal system, and the cell surface) as well as an unusually low membrane protein content (10) .
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